What is the role of innate immunity in tumor biology? The concept of immunosurveillance, introduced in the seventies,[@R1] suggested that innate and adaptive immunity serve to reduce tumor incidence by recognizing transformed cells as "foreign" resulting in attack and destruction of the latter. In this line, tumor initiation, promotion and progression can be interpreted as failure in induction of a sufficiently strong immune response.[@R2] In turn, strengthening the immune response through targeted activation of the innate and adaptive immune system would be a strategy of tumor immunotherapy.

In contrast, a number of tumors are linked to chronic inflammation, namely those that are associated with chronic microbial infections, e.g., hepatitis B and C virus, Epstein-Barr virus or chronic infection with *Helicobacter pylori*. Therefore, recent theories tend more to interpret chronic inflammation, especially activation of innate immune effectors, as driver of tumor progression.[@R3] Under-pinning this view, activation of the central signaling module of innate immunity, NFκB, has been linked experimentally to the progression of tumors[@R4]^,^[@R5] and in this line, tumor immunotherapies could involve strategies that block activation of innate immune responses.

Activation of innate immunity is achieved through stimulation of pattern recognition receptors (PRRs) (reviewed in ref. [@R6]). Among those, Toll-like receptors (TLRs) were the first group to be identified and have been studied intensively since their discovery. TLRs are thought to have been developed evolutionary to recognize microbial pathogens. They can be activated by a panel of pathogen-associated molecular patterns (PAMP) including bacterial cell-wall components like lipopolysaccharide and peptidoglycan as well as by microbial DNA and RNA. However, recent results indicate that beside the recognition of PAMPs, TLRs can also sense molecules that are released by necrotic or injured cells---so-called damage-associated molecular patterns (DAMPs)---including heat shock proteins, HMGB-1 and S100 proteins. Thus, TLRs as well as other PRRs can recognize foreign as well as self molecules based upon the context in which recognition occurs. As a net consequence, TLR ligation leads to upregulation of pro-inflammatory cytokines and/or type I interferon involving activation of MAP kinases, NFκB and/or IRFs pathways, respectively.[@R6] With the identification of molecular modes of pattern recognition the development of synthetic agonists as well as antagonists has become feasible, thus allowing for targeted manipulation of innate immune signaling.

In the field of tumor immunology, enhanced expression of TLRs has been described in a variety of different tumors during the past years and research has strongly focused on the question whether targeting of TLR mediated signaling events could have therapeutic implications.[@R7] In fact, a number of experiments suggest that enforcement of innate immunity by targeted TLR activation has beneficial effects to combat tumor growth. For example the TLR7 agonist imiquimod is licensed for therapy of basal cell carcinoma, and TLR3 and TLR9 ligands have been shown to reduce growth of renal cell carcinoma and metastatic colorectal carcinoma. TLR agonists have also been reported to be beneficial in models of mouse mammary tumors and leukemia to name a few. Several TLR-agonistic compounds are currently being investigated in clinical trials (reviewed in ref. [@R8]). Modes of action probably include direct effects on tumor cells, e.g., apoptosis, activation of innate immune cells like NK cells and phagocytes as well as enforcement of T-cell immunity (including CTLs) through dendritic cell activation. In general, a plethora of reports proposes that nucleic acid ligands that target endosomal TLRs (TLR3, 7 and 9) might specifically favor antigen cross presentation and subsequent induction of cytotoxic T-cells. Thus, TLR agonists are also evaluated in protocols of dendritic cell based tumor vaccines.[@R9]^,^[@R10] Despite those observations that would argue in favor of a concept supporting an anti-tumorigenic role of TLRs, the fact that about 15% of human tumors are associated with chronic inflammation remains puzzling.

In a recent report by Ochi et al. some of those controversies are now solved based on findings in a model of pancreatic adenocarcinoma. Pancreatic ductal adenocarcinoma is an aggressive cancer that is characterized by pronounced stromal infiltration with inflammatory cells. In fact, the inflammatory environment has long been acknowledged to be of importance for tumor progression. It has been suggested that factors released by the pancreatic tumor stroma play a major role in tumor progression and invasiveness although the precise mechanisms how the stroma interacts with transformed ductal epithelial cells remained poorly defined. Especially, it was unclear if innate immunity mediated inflammation might be involved in pancreatic cancer pathogenesis.

In the present study, the authors focused on the role of Toll-like receptor 7 (TLR7), an endosomally localized TLR that is activated by RNA of viral and bacterial origin.[@R11] Ochi et al. report that normal pancreata of mice and human do not express TLR7. By contrast, in both a mouse p48Cre;Kras^G12D^ pancreatic cancer model as well as in human pancreatic cancer specimen this receptor was heavily upregulated in neoplastic ductal epithelial cells as well as in inflammatory cells within the tumor microenvironment, including macrophages, dendritic cells, neutrophils and surprisingly B and T cells. To gain insights into the functional role of TLR7 in pancreatic cancer, the authors treated p48Cre;Kras^G12D^ mice with ssRNA40, a synthetic ligand for TLR7. Administrating the latter, the authors observed vigorous tumor growth and stromal expansion. Conversely, TLR7 blockade using an inhibitory oligonucleotide prevented malignant progression when administered together with cancer progression accelerator caerulein in *Kras* mutant mice. On the molecular level, TLR7 ligation in *Kras* mutated mice caused a dysregulation of proteins involved in cell cycle regulation including p53, p21, p27, cyclin D1 and cyclin B1 in the pancreata. Furthermore, ssRNA40 administration interfered with multiple signaling pathways including MAPK, NFκB and Notch activation and induced loss of PTEN expression. Of note, despite upregulated Notch 1 and 2 and Notch ligands, Hes1 and Hey1, Notch target genes, were downregulated. The authors suggest that Notch signaling is deviated toward inflammatory end products through cooperation with NFκB. This deviation might be characteristic for oncogenic TLR7 activation. Mechanistically the authors observed a strong STAT-3 activation, probably as a consequence of PTEN downregulation. STAT-3 activation has been associated with increased Notch signaling and modulation of anti-apoptotic proteins Bcl-xl and c-Myc.[@R12] Moreover, STAT3 has repeatedly been linked to pancreas cancer progression: STAT3 was shown to be constitutively activated in pancreatic ductal adenocarcinoma and it was demonstrated that IL-6-dependent activation of STAT3 was required for development of pancreatic intraepithelial neoplasia and ductal adenocarcinoma.[@R13]^-^[@R15] Upregulation of STAT3 is not a unique feature of pancreatic cancer but occurs in a variety of human tumors. However, its function in cancer seems to be complex. For example, silencing of STAT3 sensitized A549 lung carcinoma cells to DNA damaging chemotherapeutics, potentially by downregulation of Bcl-xl, but did not affect TNF- and natural killer cell-mediated cytotoxicity. Further, STAT3 silencing was associated with increased NFκB signaling.[@R16]

Using bone-marrow chimeric mice, the authors further show that TLR7 expression in the inflammatory stromal cells was required for pancreatic cancer progression as p48Cre;Kras^G12D^-*TLR7^−/−^* chimeric mice were protected from caerulein-induced accelerated neoplasia. Although activation of MAPK, NFκB and Notch signaling occurred in both epithelial and in inflammatory peritumoral cells after ssRNA40 administration in p48Cre;Kras^G12D^ mice, treatment of isolated pancreatic ductal epithelial cells with ssRNA40 in vitro had no effect on proliferation, cell cycle related gene expression, viability and cytokine production. Thus, the authors conclude that carcinogenic changes seen in these cells in vivo after TLR7 ligation are secondary to direct effects of TLR7 activation on the stromal inflammatory cells.

The authors were further able to extend their findings for a proinflammatory role of TLR7 to chronic pancreatitis. Similar to the observation in pancreatic neoplasia, elevated TLR7 expression in epithelial and stromal inflammatory cells was observed in human chronic pancreatitis specimen as well as in a caerulein-induced mouse pancreatitis model in the absence of *Kras* mutation. Administration of caerulein in combination with ssRNA40 enhanced intrapancreatic inflammation and fibrosis but the authors did not observe dysregulated expression of cell cycle related genes which apparently rely on underlying oncogenic mutations. The authors therefore hypothesize that molecular changes associated with TLR7-induced carcinogenesis require synergistic expression of oncogenic *Kras* and suggest differences in TLR7 signal transduction based on the cellular baseline.

The strong pro-carcinogenic effect of TLR7 observed by Ochi et al. in a mouse model of pancreatic adenocarcinoma was indeed surprising given the fact that TLR7 has been shown to mediate anti-neoplastic effects in other cancer models, as discussed above. Although the findings of Ochi et al. seem contradictory on the first glance, the authors formulate and reinforce an interesting hypothesis unifying the discrepant findings of their and other studies:[@R3] It might be possible that in cancers without primary inflammation, an activation of TLRs might break self-tolerance of the immune system toward the cancer cells and thus promote anti-tumoral immunity. On the other hand, in cancers with a pronounced primary inflammatory component---as is the case for pancreatic adenocarcinoma---TLR activation might rather accelerate carcinogenesis ([Fig. 1](#F1){ref-type="fig"}). This might be associated with differences in the relative strength of NFκB and STAT3 signaling. Confirming the latter notion, TLR4 activation appears to promote the development of colitis-associated colon cancer, another cancer entity characterized by a strong primary inflammatory component.[@R17] In another recent report by Tye et al. a similar concept has been tested[@R18]: As gastric cancer is associated with chronic inflammation the authors used a model of gastric cancer induced by chronic STAT3 activation. They observed a strong upregulation of TLR2 and blockade or genetic deletion of TLR2 resulted in a decrease of epithelial proliferation and a parallel increase of apoptosis. Inflammation itself was not affected but the results also support a pro-tumorigenic role of a TLR. STAT3 activation and TLR2 upregulation were associated with poor patient prognosis.

![**Figure 1.** Depending upon the inflammatory nature of the tumor microenvironment which goes along with differences in NFκB and STAT3 activation, different tumor entities require either enhancing or suppressive modulation of innate immune responses.](jkst-2-e23011-g1){#F1}

In the study of Ochi et al. the effective ligand for TLR7 was not further studied. The natural ligand of TLR7 is ssRNA of both viral and bacterial origin whereas self-RNA is usually not recognized. To date, it is unclear how TLR7 is activated in pancreatic cancer. It is possible that under certain circumstances TLR7 might lose its ability to distinguish between self and foreign nucleic acids, leading to activation by endogenous RNA. In fact, TLR7 activation by self-RNA has also been implied in autoimmunity.[@R19]^-^[@R21] Here, it was suggested that an increase of availability of self-RNA due to increased release might overcome the natural self/foreign discrimination. One layer of discrimination is the restriction of nucleic acid recognizing receptors to endosomal compartments where they avoid contact with self-RNA. Increased uptake due to excessive release might overcome this barrier. TLR7 has also been shown to discriminate RNAs based on posttranscriptional modifications.[@R22]^-^[@R25] Currently, there is no information available whether modification patterns might change in tumor cells. Very recently, it was reported that microRNA release through exosomes from tumor cells can trigger TLR7 and TLR8 thus promoting prometastatic inflammation.[@R26] Exosomal microRNA was suggested to shape the tumor microenvironment and might be a candidate for the above observed pro-tumorigenic response of TLR7 in pancreatical ductal adenocarcinoma. Finally, the authors speculate that activation by viral RNA might also play a role as infections with hepatitis B, hepatitis C and TT virus have been correlated with pancreatic cancer; yet the causative link remains elusive.[@R27]^-^[@R29]

In summary, the authors present an exciting novel role for TLR7 in pancreatic carcinogenesis in a p48Cre;Kras^G12D^ mouse model which underpins a role of TLRs as tumor promoters. The findings also open the avenue for tumor immunomodulatory therapies through TLR inhibition. In light of the limited therapeutic options for treatment of pancreatic cancer, one can only hope that the promising results in this mouse study can be translated into the human situation. However, although the paper presented here demonstrated that inhibition of TLR7-mediated signaling could prevent pancreatic cancer progression, it is not yet clear if TLR7 antagonism alone is sufficient to induce regression of established adenocarcinoma. It is rather likely that alleviation of pro-inflammatory tumor microenvironment by TLR7 blockade could be used in conjunction with classical anti-proliferative chemotherapeutics. Further, it should be kept in mind that the ssRNA40 used in this study not only activates TLR7 but also acts on human TLR8, a TLR which is not functional in the mouse. Thus, it will be interesting to also explore a potential role for TLR8 in human pancreatic cancer and potential synergistic effects between those two TLRs. Taken together, the discussed publication discovers a central pro-tumorigenic role of TLR7 in pancreas adenocarcinoma biology.
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